Introduction {#s1}
============

Diabetes Mellitus (DM) is a metabolic disorder characterized by chronic hyperglycaemia and disturbances of carbohydrate, fat and protein metabolism [@pone.0082158-Alberti1]. Type 1 DM is most common in children and adolescents, whereas type 2 DM (T2DM) affects adults. T2DM constitutes about 90--95% of all patients having the disease [@pone.0082158-Mealey1]. Patients with T2DM usually have insulin resistance which alters the utilization of endogenously produced insulin at the target cells. During the early stage of the disease, insulin production is increased resulting in hyperinsulinemia. However, as the condition progresses, the production of insulin decreases leading to insulin deficiency [@pone.0082158-Mealey1]. Whereas both type 1 DM and T2DM have a genetic predisposition, the aetiology of T2DM is also related to life style factors such as high fat and sugar intake, physical inactivity and obesity [@pone.0082158-Mealey1]. Worldwide; 346 million people suffer from DM [@pone.0082158-Aug1] and this disease is ranked as the ninth most common disorder amassing a 68% increase from 1990 to 2010 [@pone.0082158-Vos1]. Between the years 2010 and 2030, the number of adults with DM in developing countries is expected to increase by 70%, most extensively in Africa [@pone.0082158-Shaw1]. In the Sudan, the prevalence of DM is increasing to epidemic proportions, affecting about 14% of a total population of 31 million [@pone.0082158-Abdelgadir1].

Poorly controlled DM has been associated with increased susceptibility to oral infections including periodontal disease [@pone.0082158-Lim1]--[@pone.0082158-Lalla1]. Periodontal disease is characterized by loss of connective tissue and bone support, which eventually might lead to tooth loss. Previous studies have suggested that periodontal infection and DM have a two-way relationship [@pone.0082158-Lalla1], [@pone.0082158-Taylor1]. Löe, [@pone.0082158-Le1] stated that periodontal disease is the sixth most common complication of DM, whereas Lalla et al., [@pone.0082158-Lalla1] reported that DM is the strongest risk factor for periodontal infection compared to the other systemic conditions such as hypertension. Moreover, it has been demonstrated that individuals with periodontal pocket ≥6mm are 3.5 times more likely to develop T2DM than those having periodontal pocket \<6mm [@pone.0082158-Morita1]. By now there is strong evidence suggesting that the prevalence and severity of periodontal disease are higher among T2DM patients when compared with non-diabetic individuals [@pone.0082158-Campus1], [@pone.0082158-Tsai1], [@pone.0082158-Susanto1]--[@pone.0082158-Tanwir1]. Few studies have reported on no difference in periodontal disease between individuals with and without T2DM [@pone.0082158-Ribeiro1], [@pone.0082158-Costa1]. Whereas some studies have reported worse periodontal condition among poorly controlled T2DM patients [@pone.0082158-Campus1], [@pone.0082158-Tsai1], others have disconfirmed an association between periodontal disease and metabolic control [@pone.0082158-Santos1], [@pone.0082158-Alpagot1].

Few studies have examined the situation of dental caries among T2DM patients. It has been demonstrated that the number of decayed, missed and filled teeth (DMFT) is higher among individuals with than without T2DM [@pone.0082158-Tanwir1], [@pone.0082158-Jawed1], [@pone.0082158-Jawed2]. Moreover, Leung et al., [@pone.0082158-Leung1] have found the risk of dental caries to be twice as high in T2DM patients compared to healthy controls. Other studies have disconfirmed such an association [@pone.0082158-Hintao1]--[@pone.0082158-Collin1]. Compared to coronal caries; a relationship between DM and root surface caries has been more obvious [@pone.0082158-Lalla1]. Thus, individuals with T2DM have higher prevalence of root surface caries compared to non-diabetic individuals [@pone.0082158-Hintao1], [@pone.0082158-Hintao2]. This evidence is equivocal as some studies have found no difference in root surface caries between individuals with and without T2DM [@pone.0082158-Collin1], [@pone.0082158-Lin1].

The overall contribution of oral diseases to quality of life among T2DM patients has not been frequently investigated. According to the literature, oral health-related quality of life (OHRQoL) did not discriminate between individuals with and without DM [@pone.0082158-Busato1], [@pone.0082158-Allen1]. It has also been reported that patients with both types of DM have limited awareness of the possible health consequences of poor oral health [@pone.0082158-Allen1]. OHRQoL measures have been tested in various populations to supplement clinical indicators of oral diseases [@pone.0082158-Cohen1]. One promising measure is the oral impact of daily performance inventory (OIDP) [@pone.0082158-Adulyanon1]. This measure is based on the WHO classification of impairments, disabilities and handicaps [@pone.0082158-World1] and Locker\'s theoretical framework [@pone.0082158-Locker1]. Since its development, the OIDP has shown to be reliable and valid in population based studies as well as in studies of patients with specific disorders [@pone.0082158-Allen2]--[@pone.0082158-Masalu1]. An Arabic version of the OIDP inventory has been validated and used in the Sudan among 12 years old school children as well as among adult dental attendees with and without mucocutaneous diseases [@pone.0082158-Nurelhuda1]--[@pone.0082158-Suliman1]. The OIDP has also been applied in other low-income countries such as Tanzania and Uganda [@pone.0082158-Astrm1], [@pone.0082158-Masalu1].

In order to control DM in the Sudan, it is important to bridge the gap between physicians and dentists and to increase the involvement of the dental profession in the secondary prevention of this disease. Information about oral manifestations of T2DM should be made easily available to raise the awareness and knowledge of the importance of dental care for T2DM patients. To our knowledge, there is no published data available documenting the oral diseases and self-reported oral health situation among adult diabetic patients in the Sudan. The purpose of this study was to examine the clinical and subjective oral health indicators among T2DM patients receiving ongoing treatment in an outpatient specialist clinic and to compare the observations with age and gender matched non-diabetic controls taken from the same population. It was hypothesized that T2DM patients were more likely to have oral disease and oral impacts on daily performances than non-diabetic controls. A second aim was to -within the T2DM patients- identify clinical and subjective oral health indicators that discriminate between well-controlled and poorly controlled T2DM patients as well as between patients with long and short duration of the disease. It was hypothesized that poorly controlled T2DM patients had more oral disease and more oral impacts on their daily performances than their well-controlled counterparts. Moreover, it was hypothesized that patients with long duration of T2DM had poorer oral health than their counterparts having short duration of the disease.

Materials and Methods {#s2}
=====================

Study design and participants {#s2a}
-----------------------------

This study was designed as a gender and age matched case-control study with a ratio of 2 controls per 1 case. Ethical clearance was obtained from the Ministry of Health in the Sudan and from the Norwegian Research Ethical Committee at the University of Bergen (2012/1470/REK vest). Written informed consent was obtained from each participant. The objectives, steps of oral clinical examination and sampling procedures were explained for the participants. All participants were informed about their dental diagnosis and referred for appropriate dental treatment as needed.

Sample size was calculated to be 450 using Openepi version 3.01 with a power of 90%, alpha level of 0.05, ratio of controls to cases of 2, percentage of exposed controls of 50% and an odds ratio (OR) of 2 as a minimum difference between groups to be detected. From July 2012 to December 2012, 157 cases previously diagnosed with T2DM (63 males and 94 females) who attended for dental treatment at Jaber Abol'ez Diabetes Center were invited to participate in the study. A total of 304 non-diabetic controls (119 male and 185 female) were recruited from the outpatient dental clinic at the Khartoum Dental Teaching Hospital. Illegibility criteria for enrolment of the cases were (i), being diagnosed with T2DM for more than one year and attending a specialized diabetes clinic (ii), having at least 10 remaining natural teeth (iii), no antibiotic, no steroidal and/or non-steroidal anti-inflammatory medication used during the last 3 weeks (iv), not treated with immunosuppressive chemotherapy, no current acute illness, no professional periodontal treatment received during the last 6 months and no pregnancy or lactation. The non-diabetic controls were selected according to the same criteria except for being diagnosed with DM. At the time of enrollment; glycosylated haemoglobin test (HbA1c) was undertaken for the T2DM cases to determine the level of glycemic control (well-controlled: HbA1c ≤8% and poorly controlled: HbA1c \>8%) [@pone.0082158-Ribeiro1]. The test was performed at the laboratory of Jaber Abol'ez Diabetes Center using a commercial kit (LabonaCheck™ A1c analyzer). Individuals in the control group were asked about signs and symptoms of DM and if suspected, they were referred to Khartoum Teaching Hospital for confirmation.

Interview {#s2b}
---------

All participants were interviewed by a trained research assistant using a standardized structured questionnaire. The interview schedule was constructed in English, but participants were interviewed in Arabic and some illustrations were used to help the participants to understand the questions. *Socio-demographics* were assessed in terms of age, gender (male, female), educational level and employment status. Educational level was originally measured as (0 =  illiterate, 1 =  literate, 2 =  primary school, 3 =  middle school, 4 =  high school, 5 =  college, 6 =  post-graduation studies) and was recoded into illiterate =  1 (including the original category 0) and literate =  2 (including the categories 1--6). Employment status was measured as (0 =  unemployed, 1 =  student, 2 =  housewife, 3 =  retired, 4 =  employed), then recoded into unemployed =  1 (including the original categories 0--3) and employed =  2 (including the original category 4). *Lifestyle factors* were assessed in terms of alcohol consumption (yes/no), smoking (yes/no), hypertension (yes/no), regular dental attendance (yes/no) and sugary drinks consumed per day (0 =  no, 1 =  1 cup or less, 2 =  2 to 3 cups, 3 =  4 cups or more), recoded into no =  1 (including the original category 0) and yes =  2 (including the categories 1--3). The *self-reported main explanatory variables* were assessed in terms of history of dry mouth (yes/no) and OHRQoL which was assessed using the eight items OIDP frequency inventory; 'During the past 6 months, how often have problems with your mouth and teeth caused you any difficulty with: *eating and chewing food; speaking and pronouncing clearly; cleaning teeth; sleeping and relaxing; smiling and showing teeth without embarrassment; maintaining usual emotional state; carrying out major work and social role; and enjoying contact with people*'. Each item was assessed using a 5-point scale: (1) Never affected; (2) Less than once a month; (3) Once or twice a month; (4) Once or twice a week; (5) Every, or nearly every day. An additive sum score (OIDP ADD) was constructed from the 8 items as originally scored (1--5) (range 8--40). Secondly, each OIDP frequency item was dichotomized, yielding the categories: 0 =  never affected (including the original category 1), 1 =  affected (including the original categories 2--5). Simple count scores (SC) were created for the OIDP by adding the eight dichotomized variables. For the purpose of cross-tabulation and logistic regression analysis, the OIDP SC scores (0--8) was dichotomized as 0 =  no daily performance affected and 1 =  at least one daily performance affected. The distribution of the OIDP SC scores supported this cut-off point.

Oral clinical examination {#s2c}
-------------------------

In preparation for the clinical examination, the main single investigator (HGM) was trained and calibrated to perform oral examination and differential diagnosis for dental caries, periodontal disease and other oral disorders at the Department of Clinical Dentistry-University of Bergen, Norway under the supervision of the team's principal investigator (SOI).

For each participant, clinical examination of all teeth (except 3^rd^ molars) and soft tissues of the oral cavity was performed immediately after completion of the interview. Tools used for the examination were (N22) Color Coded Probe 2-4-6-8-10-12 mm markings, (NAB2) Color Coded Nabors Furcation Probe 3-6-9-12 mm markings, curette, mirror, probe, tweezers and cotton rolls. For *plaque index* (PI) [@pone.0082158-Silness1] and *mobility index* [@pone.0082158-Miller1], one value was recorded for each tooth (range 0-3). The sum of values of all teeth examined was divided by the number of teeth examined to give the individual scores. PI and mobility index were recoded into low =  1 and high =  2 using the median as a cutoff point for the sub-group analysis. Another dichotomous variable was created for mobility index (mobility index =  0, mobility index ≥1). *Probing depth* (PD) was measured from the gingival margin to the base of the periodontal pocket (mm) at four sites of each tooth (mesial, distal, buccal and lingual). Individual scores were expressed as percentage of sites with PD of ≥4mm. Individuals were diagnosed as having chronic periodontitis if there was at least one site with PD of ≥4mm. *Furcation involvement* (FI) [@pone.0082158-Hamp1] was recorded as grade I (≤3mm), grade II (\>3mm) and grade III (through and through). A dichotomous variable for FI was created (FI ≤ grade I, FI ≥ grade II). *Root surface caries* was recorded as (yes/no) and expressed as percentage of teeth with root caries for each individual. *Coronal caries* was measured using DMFT index [@pone.0082158-World2]. Individual scores were calculated as sum of decayed, missed and filled teeth. DMFT was dichotomized into (DMFT =  0, DMFT ≥1). Another cutoff (low: DMFT \< median, high: DMFT ≥median) was used for the sub-group analysis.

Statistical analysis {#s2d}
--------------------

Statistical Package for Social Sciences (SPSS) version 21 was used to analyze the data. The Kappa test was performed to assess the intra-examiner reliability. Chi-square and independent sample T tests were used to assess the differences in categorical and continuous variables between the cases and controls and to identify possible confounding variables. The Cox regression procedure was used to fit conditional logistic regression models since each case was paired with 2 controls. Adjusted odds ratios (ORs) and their 95% confidence intervals (CI) were calculated with T2DM status (cases/controls) as the outcome variable and periodontitis, dental caries and OHRQoL as main explanatory variables whilst adjusted for a number of possible confounding variables (employment status, educational level, consumption of sugary drinks, smoking, hypertension, PI and regular dental attendance). The selection of independents included in the Cox regression model was based on the theoretical relevance and statistical significant relationship with T2DM in the bivariate analysis. Sub-group analysis was performed within the T2DM group to identify the clinical and self-reported oral health indicators that discriminated between the well-controlled (HbA1c ≤8%) and poorly controlled (HbA1c \>8%) patients and between patients with long (\>10 years) and short (≤10 years) duration of the disease. Two binary logistic regression models were constructed to assess the relationship between mobility of teeth and level of metabolic control and the relationship between DMFT and duration of T2DM. Age, gender and frequency of regular dental attendance were adjusted for during the analyses. *P* values less than 0.05 were considered statistically significant.

Results {#s3}
=======

Of the 461 individuals recruited for the study, three participants from the T2DM group did not continue with the interview due to time constraints. One participant from the control group was diagnosed with DM and excluded after the recruitment. The mean duration of T2DM was (9±7.4) years. A total of 31.2% of the cases had experience with the diagnosis for more than 10 years, 70% were poorly controlled and 50% had a family history of DM. The oral examination was repeated for 20 participants randomly selected within 2 weeks. Kappa values (k) were 0.74 for tooth mobility, 0.80 for root surface caries, 0.88 for periodontal diagnosis (PD ≥4mm.) and 1.00 for dental caries.

As shown in [Table 1](#pone-0082158-t001){ref-type="table"}, the mean age for both the cases and controls was (52±10.5) years and 39% of both groups were men. A total of 34.4% versus 13.9% (*P*\<0.001) of the cases and controls reported any oral impact (OIDP \> 0). The two groups differed with respect to chewing problems (22.7% versus 10.9%, *P*\<0.001) and sleeping problems (15.6% versus 5.0%, *P*\<0.001) (data not shown). Chewing, sleeping, cleaning teeth and smiling were the impacts most frequently mentioned among the cases, whereas chewing and sleeping were those most frequently mentioned among the controls. Reported dry mouth was more common in the cases than the controls (37.7% versus 10.9%, *P*\<0.001) (data not shown). Hypertension was also more common in the cases than the controls (31.8% versus 14.9%, *P*\<0.001). Visible dental plaque, furcation involvement, tooth mobility, chronic periodontitis, root surface caries and less than 21 remaining teeth were all more frequently observed in the cases group (*P*\<0.05).

10.1371/journal.pone.0082158.t001

###### Distribution of confounders and main explanatory variables according to T2DM status (n = 457).

![](pone.0082158.t001){#pone-0082158-t001-1}

  Confounding factors                              Categories      Cases (n = 154)                Controls (n = 303)
  --------------------------------------------- ----------------- ----------------- -----------------------------------------------
  Age, mean (SD)                                                     52.6 (10.5)                      52.4 (10.5)
  Gender, % (n)                                       Male            39.0 (60)                       39.3 (119)
                                                     Female           61.0 (94)                       60.7 (184)
  Education, % (n)                                 Illiterate         26.6 (41)                        30.7 (93)
                                                    Literate         73.4 (113)                       69.3 (210)
  Employment status, % (n)                         Unemployed        64.9 (100)                       63.4 (192)
                                                    Employed          35.1 (54)                       36.6 (111)
  Consumption of sugary drinks per day, % (n)          No            83.8 (129)                       67.7 (205)
                                                       Yes            16.2 (25)      32.3 (98)[\*\*](#nt102){ref-type="table-fn"}
  Smoking, % (n)                                       No            87.0 (134)                       81.5 (247)
                                                       Yes            13.0 (20)                        18.5 (56)
  Hypertension, % (n)                                  No            68.2 (105)                       85.1 (258)
                                                       Yes            31.8 (49)      14.9 (45)[\*\*](#nt102){ref-type="table-fn"}
  Regular dental attendance, % (n)                     No            92.2 (142)                       96.4 (292)
                                                       Yes            7.8 (12)                         3.6 (11)
  Plaque index, % (n)                            Low (\< median)      24.0 (37)                       63.0 (191)
                                                 High ( ≥median)     76.0 (117)      37.0 (112)[\*\*](#nt102){ref-type="table-fn"}
  Main explanatory variables                                                        
  Number of present teeth, % (n)                    ≤21 teeth         26.0 (40)                        9.6 (29)
                                                   \> 21 teeth       74.0 (114)      90.4 (274)[\*\*](#nt102){ref-type="table-fn"}
  Tooth mobility, % (n)                                No             8.4 (13)                        46.9 (142)
                                                       Yes           91.6 (141)      53.1 (161)[\*\*](#nt102){ref-type="table-fn"}
  Furcation involvement, % (n)                         No             55.8 (86)                       87.8 (266)
                                                       Yes            44.2 (68)      12.2 (37)[\*\*](#nt102){ref-type="table-fn"}
  Chronic periodontitis, % (n)                         No             13.6 (21)                       45.5 (138)
                                                       Yes           86.4 (133)      54.5 (165)[\*\*](#nt102){ref-type="table-fn"}
  Dental caries (DMFT), % (n)                       DMFT = 0           5.2 (8)                         4.3 (13)
                                                    DMFT\> 0         94.8 (146)                       95.7 (290)
  Root surface caries, % (n)                           No             47.4 (73)                       60.4 (183)
                                                       Yes            52.6 (81)       39.6 (120)[\*](#nt101){ref-type="table-fn"}
  OHRQoL, % (n)                                     OIDP = 0         65.6 (101)                       86.1 (261)
                                                     OIDP\>0          34.4 (53)      13.9 (42)[\*\*](#nt102){ref-type="table-fn"}

*P*\<0.05.

*P*\<0.01.

The Cox regression analysis, adjusting for possible confounding variables, revealed statistically significant covariates of T2DM in terms of tooth mobility (OR = 9.63, 95% CI: 4.29--21.58), furcation involvement (OR = 5.23, 95% CI: 2.79--9.80), chronic periodontitis (OR = 3.97, 95% CI: 2.08--7.59), root surface caries, (OR = 1.80, 95% CI: 1.07--3.02), OIDP (OR = 3.85, 95% CI: 2.11--7.01), and having more than 21 remaining teeth (OR = 0.34, 95% CI: 0.17--0.68). When all the main explanatory variables were mutually adjusted for, the statistically significant covariates of T2DM were tooth mobility, furcation involvement, chronic periodontitis, OIDP and having more than 21 remaining teeth. The corresponding ORs were 5.90 (95% CI: 2.26--15.39), 2.96 (95% CI: 1.36--6.45), 4.07 (95% CI: 1.74--9.49), 3.46 (95% CI: 1.61--7.42) and 0.23 (95% CI: 0.08--0.63), respectively ([Table 2](#pone-0082158-t002){ref-type="table"}).

10.1371/journal.pone.0082158.t002

###### All main explanatory variables according to T2DM status adjusted for possible confounding variables, (n = 447).

![](pone.0082158.t002){#pone-0082158-t002-2}

  Variables                   n                   Adjusted OR (95% CI)^a^                                 Adjusted OR (95% CI)^b^
  ------------------------- ----- ------------------------------------------------------- -------------------------------------------------------
  Number of present teeth                                                                 
  ≤21 teeth                  66                              1                                                       1
  \> 21 teeth                381   0.34 (0.17--0.68)[\*\*](#nt104){ref-type="table-fn"}    0.23 (0.08--0.63)[\*\*](#nt104){ref-type="table-fn"}
  Tooth mobility                                                                          
  No                         153                             1                                                       1
  Yes                        294   9.63 (4.29--21.58)[\*\*](#nt104){ref-type="table-fn"}   5.90 (2.26--15.39)[\*\*](#nt104){ref-type="table-fn"}
  Furcation involvement                                                                   
  No                         344                             1                                                       1
  Yes                        103   5.23 (2.79--9.80)[\*\*](#nt104){ref-type="table-fn"}    2.96 (1.36--6.45)[\*\*](#nt104){ref-type="table-fn"}
  Chronic periodontitis                                                                   
  No                         157                             1                                                       1
  Yes                        290   3.97 (2.08--7.59)[\*\*](#nt104){ref-type="table-fn"}    4.07 (1.74--9.49)[\*\*](#nt104){ref-type="table-fn"}
  Dental caries (DMFT)                                                                    
  DMFT  =  0                 21                              1                                                       1
  DMFT \> 0                  426                     0.82 (0.28--2.37)                                       0.38 (0.09--1.66)
  Root surface caries                                                                     
  No                         252                             1                                                       1
  Yes                        195    1.80 (1.07--3.02)[\*](#nt103){ref-type="table-fn"}                       1.65 (0.84--3.26)
  OHRQoL                                                                                  
  OIDP = 0                   353                             1                                                       1
  OIDP\>0                    94    3.85 (2.11--7.01)[\*\*](#nt104){ref-type="table-fn"}    3.46 (1.61--7.42)[\*\*](#nt104){ref-type="table-fn"}

*P*\<0.05.

*P*\<0.01.

a\) Adjusted for employment status, educational level, consumption of sugary drinks, hypertension, smoking, plaque index and regular dental attendance.

b\) Adjusted for employment status, educational level, consumption of sugary drinks, hypertension, smoking, plaque index, regular dental attendance and other main explanatory variables.

[Table 3](#pone-0082158-t003){ref-type="table"} depicts the differences in socio-demographic characteristics and clinical indicators between the well- and poorly controlled T2DM patients and between patients with long and short duration of the disease. The mean age among short- and long term T2DM cases was (50.72±10.78) and (56.69±8.61) years respectively, (*P*\<0.001). The well- and poorly controlled T2DM groups consisted of 46.7% and 68.6% women (*P*\<0.05). Regular dental attendance was reported by 3.8% of the short duration cases versus 16.7% of the long duration cases, (*P*\<0.05). High mobility index was less prevalent in the well- than the poorly controlled T2DM cases (37.8% versus 59.0%, *P*\<0.05), and high median DMFT index was less frequently found in the short- compared with the long duration group (57.5% versus 75.0%, *P*\<0.05). More than 21 remaining teeth were more frequently observed in patients with short- than long duration of T2DM (79.2% versus 62.5%, *P*\<0.05).

10.1371/journal.pone.0082158.t003

###### Clinical and self-reported oral health indicators by subgroups of T2DM cases according to glycemic control and duration of diabetes.

![](pone.0082158.t003){#pone-0082158-t003-3}

  Confounding factors                 Well-controlled               Poorly controlled                Short duration:                   Long duration:
  ---------------------------------- ----------------- -------------------------------------------- ----------------- -------------------------------------------------
  Age, mean (SD)                       53.84 (9.34)                   52.13 (10.90)                   50.72 (10.78)    56.69 (8.61)[\*\*](#nt108){ref-type="table-fn"}
  Gender, % (n)                                                                                                       
  Male                                   53.3 (24)                      31.4 (33)                       37.7 (40)                         41.7 (20)
  Female                                 46.7 (21)      68.6 (72)[\*](#nt107){ref-type="table-fn"}      62.3 (66)                         58.3 (28)
  Education, % (n)                                                                                                    
  Illiterate                             22.2 (10)                      29.5 (31)                       29.2 (31)                         20.8 (10)
  Literate                               77.8 (35)                      70.5 (74)                       70.8 (75)                         79.2 (38)
  Employment status, % (n)                                                                                            
  Unemployed                             51.1 (23)                      71.4 (75)                       61.3 (65)                         72.9 (35)
  Employed                               48.9 (22)      28.6 (30)[\*](#nt107){ref-type="table-fn"}      38.7 (41)                         27.1 (13)
  Regular dental attendance, % (n)                                                                                    
  No                                     93.3 (42)                      91.4 (96)                      96.2 (102)                         83.3 (40)
  Yes                                     6.7 (3)                        8.6 (9)                         3.8 (4)          16.7 (8)[\*](#nt107){ref-type="table-fn"}
  Plaque index, mean (SD)               1.62 (0.41)                    1.64 (0.33)                     1.62 (0.34)                       1.65 (0.37)
  **Main explanatory variables**                                                                                      
  Tooth mobility, % (n)                                                                                               
  Low (\< median)                        62.2 (28)                      41.0 (43)                       50.9 (54)                         41.7 (20)
  High (≥median)                         37.8 (17)      59.0 (62)[\*](#nt107){ref-type="table-fn"}      49.1 (52)                         58.3 (28)
  Chronic periodontitis, % (n)                                                                                        
  No                                     15.6 (7)                       12.4 (13)                       11.3 (12)                         18.8 (9)
  Yes                                    84.4 (38)                      87.6 (92)                       88.7 (94)                         81.2 (39)
  Furcation involvement, % (n)                                                                                        
  No                                     64.4 (29)                      51.4 (54)                       57.5 (61)                         52.1 (25)
  Yes                                    35.6 (16)                      48.6 (51)                       42.5 (45)                         47.9 (23)
  Root surface caries, % (n)                                                                                          
  No                                     51.1 (23)                      45.7 (48)                       52.8 (56)                         35.4 (17)
  Yes                                    48.9 (22)                      54.3 (57)                       47.2 (50)                         64.6 (31)
  Dental caries (DMFT), % (n)                                                                                         
  Low (\< median)                        42.2 (19)                      34.3 (36)                       42.5 (45)                         25.0 (12)
  High (≥median)                         57.8 (26)                      65.7 (69)                       57.5 (61)        75.0 (36)[\*](#nt107){ref-type="table-fn"}
  Number of present teeth, % (n)                                                                                      
  ≤21 teeth                              31.1 (14)                      22.9 (24)                       20.8 (22)                         37.5 (18)
  \> 21 teeth                            68.9 (31)                      77.1 (81)                       79.2 (84)        62.5 (30)[\*](#nt107){ref-type="table-fn"}
  OHRQoL, % (n)                                                                                                       
  OIDP = 0                               73.3 (33)                      63.8 (67)                       69.8 (74)                         56.2 (27)
  OIDP\>0                                26.7 (12)                      36.2 (38)                       30.2 (32)                         43.8 (21)

*P*\<0.05.

*P*\<0.01.

The multiple logistic regression analyses adjusting for the confounding effect of age, gender and dental attendance, revealed that compared to the short duration-T2DM cases, T2DM cases with long duration were more likely to have DMFT (i.e. above the median) with OR of 2.94 (95% CI: 1.24--6.94) ([Table 4](#pone-0082158-t004){ref-type="table"}). Compared to the well-controlled T2DM cases, the poorly controlled counterparts were more likely to be above the median mobility index with OR of 2.60 (95% CI: 1.21--5.55) ([Table 5](#pone-0082158-t005){ref-type="table"}).

10.1371/journal.pone.0082158.t004

###### DMFT regressed on duration of T2DM; adjusted for age, gender and regular dental attendance.

![](pone.0082158.t004){#pone-0082158-t004-4}

  Variables                     n                        OR (95% CI)
  --------------------------- ----- ------------------------------------------------------
  Age                          153                    0.99 (0.95--1.02)
  Gender                            
  Male                         59                             1
  Female                       94    3.45 (1.67--7.14)[\*\*](#nt110){ref-type="table-fn"}
  Regular dental attendance         
  No                           141                            1
  Yes                          12                     0.57 (0.15--2.18)
  Duration of DM                    
  DM ≤10 years                 105                            1
  DM \> 10 years               48     2.94 (1.24--6.94)[\*](#nt109){ref-type="table-fn"}

*P*\<0.05.

*P*\<0.01.

-2 Log likelihood  =  183.536, Cox & Snell R^2^ = 0.114, Nagelkerke R^2^ = 0.155.

10.1371/journal.pone.0082158.t005

###### Mobility index regressed on the level of glycemic control; adjusted for age and gender.

![](pone.0082158.t005){#pone-0082158-t005-5}

  Variables                n                        OR (95% CI)
  ---------------------- ----- ------------------------------------------------------
  Age                     149   1.05 (1.01--1.08)[\*\*](#nt113){ref-type="table-fn"}
  Gender                       
  Male                    56                             1
  Female                  93                     1.32 (0.63--2.78)
  Glycemic control             
  Well-controlled DM      45                             1
  Poorly controlled DM    104    2.60 (1.21--5.55)[\*](#nt112){ref-type="table-fn"}

*P*\<0.05.

*P*\<0.01.

-2 Log likelihood  =  191.545, Cox & Snell R^2^ = 0.093, Nagelkerke R^2^ = 0.124.

Discussion {#s4}
==========

The present study confirmed the hypothesis that clinical indicators of periodontal disease, furcation involvement, mobility of teeth and number of teeth present as well as the OIDP discriminated between T2DM patients and their non-diabetic controls. The hypothesis that poorly controlled and long duration-T2DM patients presented with more oral disease and OIDP compared with their well-controlled and short duration counterparts was partly confirmed in this study. Thus, mobility index and dental caries were the only clinical indicators that discriminated significantly between the sub-groups of T2DM cases.

Before discussing the findings further, it is appropriate to consider the limitations and strengths of the study. As both the cases and controls were attending oral health care services for dental treatment, they probably presented with more severe oral diseases and treatment needs compared to their non-dental attendee counterparts. It would have been an advantage to identify mild oral problems representing early signs of T2DM so that the dentist could contribute with referrals of potentially diseased patients. However, the present findings were restricted to subjects already diagnosed with T2DM. Subjects in the control group were asked about signs and symptoms of T2DM. A more appropriate screening of unidentified individuals with T2DM among the controls as suggested by Borrell et al., [@pone.0082158-Borrell1] would have contributed to the internal validity of the results. Although the control group may represent dental attendees in the general Khartoum population, it is possible that the recruitment procedure of the diabetic patients introduced a bias since a convenience sample attending the Jaber Abol'ez Diabetes Center was utilized [@pone.0082158-Vandenbroucke1]. Nevertheless, the socioeconomic status did not differ between the cases and controls in this study. The purpose was to identify covariates of T2DM rather than to estimate disease prevalence in the Sudanese population in general.

Recall bias is of major concern when a case-control design is utilized. One advantage of this study includes the verification of information gathered from the study participants by comparing with medical records from the registry, thus reducing the risk of recall- and social desirability bias. The use of the OIDP index with a long history of validation in various contexts and the availability of novel clinical measurements are further strengths. Moreover, many potential confounding factors were considered in the multivariable analysis [@pone.0082158-Bjelland1]. This was considered necessary as periodontal disease, dental caries and T2DM are multifactorial diseases.

Consistent with previous studies, the T2DM patients presented with more visible dental plaque, more missing teeth and were more likely to suffer from chronic periodontitis compared with the non-diabetic controls [@pone.0082158-Susanto2], [@pone.0082158-Ribeiro1]. Although the T2DM patients presented with limited sugary drink consumption and low frequency of smoking, PI was significantly higher among the cases than the controls. Presence of more dental plaque and poorer oral hygiene among diabetic compared to non-diabetic subjects have been reported in a number of studies and might be attributed to DM patients having higher levels of glucose in gingival crevicular fluid (GCF) and saliva [@pone.0082158-Campus1], [@pone.0082158-Ribeiro1]. The prevalence of poor oral hygiene among dental attendees from the general population in Khartoum has been reported to be about 39% [@pone.0082158-Nasir1]. This figure is consistent with that of 37% observed in the control group of the present study, suggesting that this group mirrors the background population as well. More missing teeth among the T2DM patients has been reported to be a characteristic of a population with poor oral hygiene [@pone.0082158-Tanwir1]. Corresponding difference has not been disclosed in populations with good oral hygiene [@pone.0082158-Sandberg1].

Since the relationship between T2DM and periodontal disease have been investigated in few countries [@pone.0082158-Borgnakke1], this study emanating from sub-Saharan Africa provides a valuable contribution to the literature. Notably, the prevalence of chronic periodontitis as defined by pocket depths rather than clinical attachment level might have been underestimated [@pone.0082158-Albandar1]. Moreover, the lack of a generally accepted case definition throughout studies impedes comparison of prevalence figures between them [@pone.0082158-Leroy1]. In addition to chronic periodontitis per se, clinical signs such as tooth mobility and furcation involvement were more frequent among the cases compared to their non-diabetic controls. These results coincide with findings from previous studies [@pone.0082158-Khader1], [@pone.0082158-Tanwir1]. Although the mechanism by which DM affects periodontal tissues is not fully understood [@pone.0082158-Nassar1], it has been suggested that the magnitude of inflammatory response of periodontal tissues to oral micro-flora is exaggerated in DM patients. Moreover, advanced glycation end products (AGEs) are formed when excess glucose comes in contact with specific proteins which triggers series of pro-inflammatory reactions [@pone.0082158-Lamster1], [@pone.0082158-Takeda1].

Although the T2DM patients in this study presented with more visible dental plaque and more missing teeth than non-diabetic subjects, there was no difference with respect to DMFT status. In this aspect, the present findings corroborate with those reported by other researchers [@pone.0082158-Hintao1], [@pone.0082158-Sandberg1], [@pone.0082158-ArrietaBlanco1]. A lack of a significant relationship between DM and dental caries has been attributed to confounding factors such as xerostomia, periodontal disease and a strict carbohydrate diet [@pone.0082158-Moore1]. Nevertheless, a recent study by Jawed et al., [@pone.0082158-Jawed1] reported higher levels of DMFT among individuals with than without T2DM. An important finding in this study is that both the cases and controls presented with high prevalence of DMFT (95%), reflecting an urgent need for treatment and preventive oral health care programs. Whereas Hintao et al., [@pone.0082158-Hintao1] found a significant higher prevalence of root surface caries among T2DM patients compared to non-diabetic controls, the present finding suggesting absence of such an association corroborates those reported by Collin et al., [@pone.0082158-Collin1] and Lin et al., [@pone.0082158-Lin1]. The importance of measuring psychological and social impacts of oral diseases as a supplement to clinical indicators was pointed out by Cohen and Jago [@pone.0082158-Cohen1]. In this study, the T2DM patients were almost 3 times more likely than their non-diabetic controls to have at least one oral impact on their daily performances. This is at odds with the results of other studies suggesting that oral problems might not be a priority in DM subjects who are burdened with health complications in general [@pone.0082158-Busato1], [@pone.0082158-Allen1].

The majority (70%) of the T2DM patients investigated in this study were poorly controlled. This agrees with recent data from other studies and illustrates the difficulties in maintaining good glycemic control [@pone.0082158-Hodge1]. In the present study, the poorly controlled cases were 2.6 times more likely to present with high mobility index ([Table 5](#pone-0082158-t005){ref-type="table"}). This is consistent with other studies reporting a significant worse periodontal condition among poorly controlled DM patients compared to patients with good metabolic control [@pone.0082158-Lim1]--[@pone.0082158-Lalla1].

Duration of DM might play an important role when the relation between DM and oral diseases is investigated [@pone.0082158-Moore2]. The level of coronal caries was significantly higher in the long- compared to the short duration-T2DM group. This finding is in agreement with the normal pathogenesis of dental caries as "time" is an important factor for the development of the disease [@pone.0082158-Selwitz1]. Moreover, the long duration-T2DM group had fewer teeth, which corroborates with the study of Santos et al., [@pone.0082158-Santos1] in which the number of remaining teeth was negatively correlated with HbA1c levels.

Conclusion {#s5}
==========

This study revealed that chronic periodontitis, tooth mobility, furcation involvement and OIDP were more prevalent among T2DM patients than their non-diabetic matched controls. Although pocket depths as a measure of chronic periodontitis did not associate with the level of glycemic control or the duration of T2DM, there was an association in the expected direction with tooth mobility and dental caries. The present findings have implications for both DM and oral health care provision. For future prevention and management, it is important to know whether periodontitis plays a role in the development and control of DM and its complications [@pone.0082158-Lalla2]. Further large scale prospective studies are needed to investigate the effect of treatment of periodontitis on the management and control of T2DM.
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